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(54) FUEL CELL SYSTEM 

(57)Abstract: 

PROBLEM TO BE SOLVED: To carry out warming up of a 
cell without using any electric heater by heating the fuel cell 
using the heat of adsorption in an adsorber after starting power 
generation. 

SOLUTION: When the starting switch of an automobile is set 
to ON, electric current is allowed to flow from a battery to an 
electricity controller 200, and a fuel pump 4, water pumps 40, 
44 and an air pump start. Accordingly, air and hydrogen are 
supplied to a fuel cell 2 so as to start power generation. 
Simultaneously, heat exchanging fluid at about room 
temperature flows through the heat exchanging part 5 1 of an 
adsorbed 5 so as to cool absorbing agent 52 to adsorb water. 
Since the heat of adsorption caused by adsorption is 
discharged to the heat exchanging fluid, this heat exchanging 
fluid is heated. Therefore, an exit temperature T2 becomes 
higher than an entrance temperature Tl. And by circulating 
heated heat exchanging fluid to a heat exchanging part 25 of 
the fuel cell 2 via a fluid circuit A, the fuel cell 2 is heated. In 
a word, the fuel cell 2 is quickly warmed up immediately after 
starting the fuel cell 2. 
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CLAIMS 



[Claim(s)] 

[Claim 1] An adsorbent object is adsorbed in the state of cooling with the fuel cell (2) which a fuel and 
an oxidizer are made to react and is generated. While having the adsorber (5) equipped with the 
adsorbent (52) of a large number which carry out desorption of the adsorbent object in the state of 
heating and making said adsorbent object stick to said adsorbent (52) of said adsorber (5) immediately 
after generation-of-electrical-energy initiation of said fuel cell (2) The fuel cell system characterized by 
heating said fuel cell (2) with the heat of adsorption by this adsorption. 

[Claim 2] The fuel cell system according to claim 1 characterized by heating said adsorber (5) with the 
heat which said fuel cell (2) generates in the generation-of-electrical-energy steady state of said fuel cell 
(2), and carrying out desorption of said adsorbent object from said adsorbent (52). 
[Claim 3] When said adsorbent object is built in and said adsorbent object is adsorbed with said adsorber 
(5), said adsorbent object is evaporated. The condensation evaporator (6) which makes said adsorbent 
object condense when carrying out desorption of said adsorbent object with said adsorber (5) It is open 
for free passage and is prepared in said adsorber (5). In the free passage section (55) of said adsorber (5) 
and said condensation evaporator (6) A closing motion means (43) to open and close this free passage 
section (55) is established. Immediately after generation-of-electrical-energy initiation of said fuel cell 
(2) The fuel cell system according to claim 2 characterized by closing said free passage section (55) with 
said closing motion means (43) after carrying out desorption of said adsorbent object for said free 
passage section (55) from an aperture and said adsorbent (52) with said closing motion means (43). 
[Claim 4] When the condensator (8) which takes said heat of said fuel cell (2), and cools said fuel cell is 
formed and desorption of said adsorbent object is carried out from said adsorbent (52) It is the fuel cell 
system according to claim 2 or 3 characterized by cooling said fuel cell (2) by said condensator (8) after 
cooling said fuel cell (2) and carrying out desorption of said adsorbent object by using said heat of said 
fuel cell (2) for heating of said adsorber (5). 

[Claim 5] In said fuel cell (2) and said adsorber (5) In these fuel cells (2) and an adsorber (5), endoergic 
or the heat exchange section (25) which radiates heat, and the heat exchange section (51) are prepared. 
While connecting said heat exchange section (25) of said fuel cell (2), and said heat exchange section 
(51) of said adsorber (5) to a serial Claim 1 characterized by establishing the interior in a heat exchange 
fluid in a flowing fluid circuit (A), and forming a pump means (40) to circulate a heat exchange fluid 
inside said hydraulic circuit (A) in said hydraulic circuit (A) thru/or the fuel cell system of any one 
publication of four. 

[Claim 6] Claim 3 characterized by having a detection means (45 46,200) to detect the adsorption of said 
adsorbent object and desorption in said adsorber (5), and the control means (200) which controls closing 
motion of said free passage section (55) by said closing motion means (43) based on the detecting signal 
of said detection means (45 46,200) thru/or the fuel cell system of any one publication of five. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the fuel cell system equipped with the fuel cell which a 

fuel and an oxidizer are made to react and is generated. 

[0002] 

[Description of the Prior Art] Usually, since a fuel cell is low temperature just behind generation-of- 
electrical-energy initiation of a fuel cell in a fuel cell system at room temperature extent, the reaction of 
a fuel and an oxidizer does not progress good and sufficient generation efficiency is not acquired. On the 
other hand, if this fuel cell generates heat and temperature rises by continuation of a generation of 
electrical energy of a fuel cell, generation efficiency will improve. Moreover, when the temperature of a 
fuel cell becomes high too much, there is a possibility that components, such as an electrode, may be 
damaged. 

[0003] On the other hand, in JP,7-94202,A, the fuel cell system which prepared the cooling water 
circulator which cools a fuel cell, and prepared further the electric heater which can heat cooling water 
in the middle of this circuit is proposed. In addition, power is supplied to an electric heater from a fuel 
cell or a dc-battery. According to this, immediately after start-up initiation of a fuel cell, it energizes to 
an electric heater, cooling water is heated, and a fUel cell can be warmed up with this heated cooling 
water. 
[0004] 

[Problem(s) to be Solved by the Invention] By the way, with the above-mentioned conventional 
technique, even if it supplied power to the electric heater from the fuel cell and supplied power to the 
electric heater from the dc-battery, there was a problem that power was needed for an excess by the 
power supplied to a power heater. This invention was not made in view of the above-mentioned 
problem, and aims at performing warming up of a fuel cell, without using an electric heater. 
[0005] 

[Means for Solving the Problem] In order to attain the above-mentioned object, when an adsorbent (52) 
adsorbs an adsorbent object, it is characterized by heating a fuel cell (2) paying attention to emitting the 
heat of adsorption by this adsorption with the heat of adsorption in the adsorber (5) which equipped 
claim 1 thru/or 6 with many adsorbents (52) immediately after generation-of-electrical-energy initiation 
of a fuel cell (2) by invention of a publication. 

[0006] According to such a configuration, without using an electric heater, the heat of adsorption by the 
above-mentioned adsorption can be used, and warming up of the fuel cell (2) immediately after 
generation-of-electrical-energy initiation of a fuel cell (2) can be performed. Therefore, only the part 
which does not use an electric heater can plan power saving, and can use the power of a fuel cell (2) 
effective in the original object. Moreover, in invention according to claim 2, in the generation-of- 
electrical-energy steady state of a fuel cell (2), an adsorber (5) is heated and desorption of the adsorbent 
object is carried out from the adsorbent (52) of an adsorber (5) from the heat which a fuel cell (2) 
generates. Here, in order to warm up a fuel cell (2) immediately after next generation-of-electrical- 



energy initiation, it is necessary to carry out desorption of the adsorbent object from an adsorbent (52) . 
but, and since this desorption can be performed using the heat which a fuel cell (2) generates, the power 
activity at this time can be made small. 

[0007] Moreover, it can prevent that this fuel cell (2) serves as an elevated temperature unusually, and 
breakage on a fuel cell (2) can be controlled because a fuel cell (2) emits the heat which self generates to 
' an adsorber (5). Moreover, since the free passage section (55) of an adsorber (5) and a condensation 
evaporator (6) is closed with a closing motion means (43) after carrying out desorption of the adsorbent 
object from an adsorbent (52), the desorption condition of the adsorbent (52) of an adsorber (5) is 
maintainable in invention according to claim 3, as it is till next generation-of-electrical-energy initiation. 
For this reason, at the time of next generation-of-electrical-energy initiation, by open Lycium chinense, 
an adsorbent object [ in / for the free passage section (55) / an adsorber (5) ] can be adsorbed good, and 
rapid warming up of a fuel cell (2) can be performed good. 

[0008] Moreover, in invention according to claim 4, when desorption of the adsorbent object is carried 
out from an adsorbent (52), it is using the heat of a fuel cell (2) for heating of an adsorber (5), this fuel 
cell (2) is cooled, and after carrying out desorption of the adsorbent object, the fuel cell (2) is cooled by 
the condensator (8). Consequently, even after carrying out desorption of the adsorbent object, it can 
prevent that a fuel cell (2) serves as an elevated temperature unusually, and breakage on a fuel cell (2) 
can be controlled. 
[0009] 

[Embodiment of the Invention] Hereafter, the operation gestalt which shows this invention in drawing is 
explained. 

(1st operation gestalt) Drawing 1 shows the fuel cell powered vehicle which uses the fuel cell system 1 
of this invention as a power source. The fuel cell system 1 is equipped with the fuel cell 2 which a fuel 
(hydrogen) and an oxidizer (oxygen in air) are made to react, and is generated, the fuel tank 3 in which a 
fuel is stored, the fuel pump 4 which sends the hydrogen in a fUel tank 3 to a fuel cell 2, the adsorber 5 
for rapid warming up of a fuel cell 2, and the condensation evaporator 6 which is open for free passage 
to an adsorber 5. These are all prepared in the under floor (vehicle outdoor) of an automobile. And the 
power from a fuel cell 2 is supplied to the motor 7 for car actuation through the inverter and converter 
which are not illustrated. 

[0010] A fuel cell 2 consists of what carried out the laminating of the fluting connector 21 made from 
carbon, the positive electrode (cathode) 22 which consists of porous carbon which added the platinum 
catalyst, electric-field **** 23 which consists of a kneading object of silicon carbide and carbon fluoride 
which sank in phosphoric acid, and the negative electrode (anode) 24 which consists of porous carbon 
which added the platinum catalyst to this order, as shown in drawing 2 . Many slots 211 are formed by 
the field which counters a positive electrode 22 among the fluting connectors 21 at the space 
perpendicular direction in drawing 2 , and many slots 212 are formed in the field which counters a 
negative electrode 24 at the space longitudinal direction in drawing 2 at it. 

[001 1] And air is supplied to a slot 21 1 from the air pump which is not illustrated, and the hydrogen in a 
fuel tank 3 is supplied to a slot 212 through a fuel pump 4. And the heat exchange section 25 in which a 
heat exchange fluid flows is arranged at the fluting connector 21 of the direction edge of a laminating. A 
fuel tank 3 is the hydrogen storage material 32 five H6 fixed to the interior of a well-closed container 30 
around the heat exchange section 31 in which a heat exchange fluid flows, and this heat exchange 
section 31 (fuel storage alloy), for example, LaNi. It comes to hold. A hydrogen storage material 32 
emits hydrogen by carrying out occlusion of the hydrogen, and heating it, or lowering a pressure by 
cooling or raising a pressure. The pressure in a fuel tank 3 is lowered with a fuel pump 4, and hydrogen 
is made to emit from a hydrogen storage material 32 with this operation gestalt. In addition, since 
hydrogen is consumed as a fuel cell 2 is used, occlusion of the hydrogen is periodically carried out to a 
hydrogen storage material 32. 

[0012] An adsorber 5 comes to hold the heat exchange section 51 in which a heat exchange fluid flows, 
and the adsorbent (for example, silica gel) 52 of the shape of a grain of a large number fixed to the 
perimeter of this heat exchange section 51 in the interior of a well-closed container 50. By being cooled, 



an adsorbent 52 adsorbs an adsorbent object (for example, water), and carries out desorption of the 
adsorbent object by being heated. The condensation evaporator 6 comes to hold the heat exchange 
section 61 in which a heat exchange fluid flows, and the water W as an adsorbent object in the interior 
of a well-closed container 60. In addition, the closing motion valve (closing motion means) 43 which 
opens and closes this free passage section 55 is formed in the free passage section 55 of the well-closed 
" container 60 of the condensation evaporator 6, and the well-closed container 50 of an adsorber 5. 

[0013] And the heat exchange section 25 of a fuel cell 2 and the heat exchange section 51 of an adsorber 
5 are connected to a serial by the hydraulic circuit A, and the heat exchange section 25 of a fuel cell 2 
and an outdoor heat exchanger (condensator) 8 are connected to the serial by the hydraulic circuit B. 
Moreover, circulation of a heat exchange fluid is enabled at hydraulic circuits A and B with Water pump 
(pump means) 40 formed in the part with which hydraulic circuits A and B lap. In addition, a heat 
exchange fluid circulates to hydraulic circuits A or B by the three-way -type selector valves 41 and 42. 
[0014] Moreover, an outdoor heat exchanger 9 and the heat exchange section 61 of the condensation 
evaporator 6 are connected to a serial by the hydraulic circuit C, and an outdoor heat exchanger 9 and 
the heat exchange section 3 1 of a fuel tank 3 are connected to the serial by the hydraulic circuit D. 
Moreover, circulation of a heat exchange fluid is enabled at hydraulic circuits C and D with Water pump 
(pump means) 44 formed in the part with which hydraulic circuits C and D lap. 
[0015] Moreover, the temperature Tl of the heat exchange fluid which flows this inlet-port section and 
the outlet section in the inlet-port section of the heat exchange section 51 and the outlet section of an 
adsorber 5 and T2 The thermometric elements (detection means) 45 and 46 to detect are formed. Here, 
the electrical control unit (control means) 200 is formed, and to it, it controls turning on and off of the 
energization to the above-mentioned fuel pump 4, Water pumps 40 and 44, and an air pump, and the 
change of the rotation location of the three- way-type selector valves 41 and 42 and the closing motion 
valve 43 based on these input signals while the signal of turning on and off of the starting switch of a 
fuel cell powered vehicle and the detecting signal of thermometric elements 45 and 46 are inputted into 
this electrical control unit 200 by the fuel cell powered vehicle of this operation gestalt. Furthermore, in 
addition to this, an electrical control unit 200 performs various well-known electric control. 
[0016] Moreover, in a fuel cell 2, the dc-battery which is not illustrated is carried independently and 
predetermined capacity charge of this dc-battery is carried out at the time of operation of an automobile. 
Next, actuation of this operation gestalt is explained in the above-mentioned configuration. In addition, 
it sets, after a starting switch is turned on, and an electrical control unit 200 is the above-mentioned 
temperature Tl and T2 in every predetermined time (for example, 1 minute). While detecting, steps Sl- 
S3 shown in drawing 4 are judged. 

[0017] First, when the starting switch of an automobile is turned on, it energizes from the above- 
mentioned dc-battery to an electrical control unit 200, and thermometric elements 45 and 46 are 
temperature Tl and T2. While starting detection, control 1 shown in drawing 4 is performed. In control 
1, it is the rotation location of the three-way-type selector valves 41 and 42 being made into a drawing 1 
R>1 solid line position, rotating the closing motion valve 43 so that the free passage section's 55 may be 
opened, and energizing to a fuel pump 4, Water pumps 40 and 44, and the above-mentioned air pump 
concretely. 

[0018] Thereby, while air is supplied to the slot 21 1 of a fuel cell 2, hydrogen is supplied to a slot 212. 
That is, a fuel cell 2 starts a generation of electrical energy. Consequently, hydrogen (H2) dissociates 
into a hydrogen ion (H+) and an electron (e-) on negative-electrode 24 front face of a fuel cell 2, a 
hydrogen ion diffuses the inside of the electrolyte layer 23, and moves to a positive electrode 22, and an 
electron moves to a positive electrode 22 through an external electrical circuit (motor 7 for car 
actuation). And in a positive electrode 22, a hydrogen ion and an electron react with oxygen (02), and 
generate water (H2 O). A generation-of-electrical-energy operation of a fuel cell 2 is acquired through 
such a chemical reaction. 

[0019] Simultaneously, when the heat exchange fluid of room temperature (for example, 25 degrees C) 
extent flows the heat exchange section 51 of an adsorber 5, an adsorbent 52 is cooled and water is 
adsorbed. Since the heat of adsorption by the above-mentioned adsorption is emitted to the heat 



exchange fluid which flows the heat exchange section 51 at this time, this heat exchange fluid is heated. 
That is, as shown in drawing 3 (a), it is inlet temperature Tl . Outlet temperature T2 The direction 
becomes high. And by circulating the heated heat exchange fluid to the heat exchange section 25 of a 
fuel cell 2 through a hydraulic circuit A, the heat exchange fluid heated in the heat exchange section 25 
radiates heat, and a fuel cell 2 is heated. 
% [0020] Thereby, immediately after turning on a starting switch that is, a fuel cell 2 can be quickly 
warmed up immediately after generation-of-electrical-energy initiation of a fuel cell 2, and the 
generation efficiency of a fuel cell 2 can be improved quickly. Therefore, power can be supplied to the 
motor 7 for car actuation immediately after turning on a starting switch. Moreover, since the heat 
exchange fluid supplied to the heat exchange section 5 1 of an adsorber 5 from the heat exchange section 
25 of a fuel cell 2 by using the above-mentioned heat of adsorption for heating of a fuel cell 2 can be 
cooled and the adsorbent 52 of an adsorber 5 can be cooled, adsorption of the water in an adsorber 5 can 
be continued good. 

[0021] In addition, after predetermined time progress, after turning on a starting switch, when a 
generation of electrical energy of a fuel cell 2 comes to be performed good, it changes to the above- 
mentioned dc-battery, and, specifically, a fuel cell 2 performs energization to an electrical control unit 
200. Simultaneously, charge of the above-mentioned dc-battery is started. Moreover, the pressure in a 
well-closed container 50 and 60 falls by initiation of the above-mentioned adsorption, and evaporation 
of water is promoted in the condensation evaporator 6. In order to take the latent heat of vaporization by 
the above-mentioned evaporation from the heat exchange fluid which flows the heat exchange section 
61 of the condensation evaporator 6 at this time, this heat exchange fluid is cooled. The cooled heat 
exchange fluid carries out endoergic from outdoor by making an outdoor heat exchanger 9 circulate 
through this cooled heat exchange fluid through a hydraulic circuit C. Thus, since the latent heat of 
vaporization in case water evaporates can be taken from outdoor air through a heat exchange fluid, water 
can be evaporated continuously. 

[0022] In addition, in a hydrogen storage material 32, when making hydrogen emit, in order to take the 
bleedoff latent heat from a perimeter, the hydrogen storage material 32 is cooled gradually, but if cooled 
too much in connection with the passage of time, bleedoff of the hydrogen from a hydrogen storage 
material 32 will be barred. On the other hand, by the outdoor heat exchanger 9, since the above- 
mentioned bleedoff latent heat is taken from outdoor air, bleedoff of hydrogen can be continued good. 
[0023] And the heat exchange fluid which flows the heat exchange section 51 of an adsorber 5 when 
adsorption in an adsorber 5 is performed is inlet temperature Tl as mentioned above. Outlet temperature 
T2 Although the direction became high, when adsorption is completed, it is the inlet temperature Tl ** 
outlet temperature T2. It becomes (time amount tl in drawing 3 ). Here, if a generation of electrical 
energy of a fuel cell 2 will be continued and a fuel cell 2 will be in a generation-of-electrical-energy 
steady state, heat of reaction in the case of the above-mentioned chemical reaction in this fuel cell 2 will 
be generated (generation of heat), and temperature will become high gradually. And when it becomes 
the temperature in which desorption is possible from an adsorbent 52 about water after adsorption was 
completed, and the fluid heated in the heat exchange section 25 of this fuel cell 2 (for example, when it 
becomes 100 degrees C) flows and radiates heat in the heat exchange section 51 of the adsorber 5 of the 
completion condition of adsorption, an adsorber 5 is heated and an adsorber 5 starts the desorption of 
water. 

[0024] Consequently, since the desorption heat by the desorption of water is taken and it is cooled, the 
heat exchange fluid which flows the heat exchange section 51 of an adsorber 5 is inlet temperature Tl. 
The direction is outlet temperature T2. It becomes high. That is, the judgment result of step SI in 
drawin g 4 serves as YES. In addition, at the time of this desorption, the fuel cell 2 generating heat is 
cooled and there is effectiveness which controls breakage on a fuel cell 2. 

[0025] Simultaneously, condensation of water is started in the condensation evaporator 6. The heated 
heat exchange fluid radiates heat to outdoor air by the heat exchange section 61 of the condensation 
evaporator 6 emitting the heat for the heat of condensation by condensation to the heat exchange fluid 
which flows a hydraulic circuit C, heating a heat exchange fluid, and making an outdoor heat exchanger 



9 circulate through this heated heat exchange fluid. Thereby, water can be condensed continuously. 
[0026] Then, in an adsorber 5, it converges on a desorption completion condition gradually, and is the 
time amount t3 in drawing 3 . It sets and is set to <epsilon (epsilon**0, for example, epsilon= 0.5 
degrees C) and d (T2-Tl)/dt>0. [ |T2-T1 | ] That is, the judgment result of steps S2 and S3 in drawing 4 
serves as YES. At this time, it judges that it is in the condition (desorption completion condition) that 
* desorption of the water was mostly carried out altogether from the adsorbent 52 of an adsorber 5, and 
control 2 among drawing 4 is performed. 

[0027] Here, although set to |T2-T1 |<epsilon immediately after exchanging from an adsorbed state to a 
desorption condition (time amount t2 in drawin g 3 ), since it is d(T2-Tl)/dt<0 at this time as shown in 
drawing 3 (c), the judgment result of step S3 serves as NO, and control 2 is not performed. Moreover, it 
is the thing of the inclination of the graph shown in drawing 3 (b) in d (T2-Tl)/dt. 
[0028] Concretely, control 2 makes the rotation location of the three- way-type selector valves 41 and 42 
the drawing 1 middle point line position while closing the free passage section 55 with the closing 
motion valve 43. Thereby, through the heat exchange fluid which flows a hydraulic circuit B, the heat 
which a fuel cell 2 generates can be emitted to outdoor air from an outdoor heat exchanger 8, it can 
control that a fuel cell 2 serves as an elevated temperature unusually, and breakage on the component of 
a fuel cell 2 can be controlled. 

[0029] In addition, after carrying out desorption of the adsorbent object from the adsorbent 52 as used in 
the field of claims 3 and 4, an adsorbent object presupposes some that the condition of remaining in the 
adsorbent 52 is also included. Moreover, the electrical control unit 200 which performs thermometric 
elements 45 and 46 and step SI thru/or the judgment of S3 constitutes the detection means as used in the 
field of claim 6, and the electrical control unit 200 which changes the rotation location of the closing 
motion valve 55 constitutes the control unit as used in the field of claim 6 based on the detecting signal 
of this detection means. 

[0030] And since the free passage section 55 of an adsorber 5 and the condensation evaporator 6 is 
closed with the closing motion valve 43 after desorption of the water is mostly carried out altogether 
from an adsorbent 52, the desorption condition of the adsorbent 52 of an adsorber 5 is maintainable till 
next generation-of-electrical-energy initiation. For this reason, at the time of next generation-of- 
electrical-energy initiation, by open Lycium chinense, an adsorbent object [ in / for the free passage 
section 55 / an adsorber 5 ] can be adsorbed good, and rapid warming up of a fuel cell 2 can be 
performed good. 

[0031] Moreover, with this operation gestalt, since rapid warming up of a fuel cell 2 is performed using 
the heat of adsorption by the above-mentioned adsorption, compared with the conventional technique of 
using heat, such as an electric heater, the electric energy of the fuel cell 2 used in the case of rapid 
warming up of a fuel cell 2 can be reduced. Moreover, in the generation-of-electrical-energy steady state 
of a fuel cell 2, using the heat which a fuel cell 2 generates, there is also little electric energy of the fuel 
cell 2 which is made to carry out desorption of the adsorbent object in an adsorber 5, and is used in the 
case of this desorption, and it ends. 

[0032] Moreover, when desorption of the adsorbent object is carried out from an adsorbent 52, after 
being using the heat of a fuel cell 2 for heating of an adsorber 5, cooling this fuel cell 2 and carrying out 
desorption of the adsorbent object, the fuel cell 2 is cooled by the outdoor heat exchanger (condensator) 
8. Consequently, in the generation-of-electrical-energy steady state of a fuel cell 2, it can always prevent 
that a fuel cell 2 serves as an elevated temperature unusually, and a fuel cell 2 can be kept at 100-200 
degrees C. Therefore, breakage on a fuel cell 2 can be controlled. 

[0033] In addition, when a starting switch is turned off, the energization to the above-mentioned fuel 
pump 4, pumps 40 and 44, and the above-mentioned air pump is stopped. In addition, the rotation 
location of valves 41, 42, and 43 is considered as as [ control 2 ]. 

(2nd operation gestalt) This operation gestalt transforms the structure of the parts of the condensation 
evaporator 6 in the operation gestalt of the above 1st, an outdoor heat exchanger 9, a fuel tank 3, 
hydraulic circuits C and D, and a pump 44, as shown in drawing 5 . Concretely, the 1st heat exchange 
section 3 1 1 and the 2nd heat exchange section 3 12 are formed in a fuel tank 3, and the hydrogen storage 



material 32 is arranged around these 1st heat exchange section 311 and the 2nd heat exchange section 
312. And the 1st heat exchange section 311 and the heat exchange section 61 of the condensation 
evaporator 6 are connected to a serial by the hydraulic circuit G, the 2nd heat exchange section 312 and 
indoor heat exchanger 10 are connected to a serial by the hydraulic circuit E, and the 2nd heat exchange 
section 312 and an outdoor heat exchanger 9 are connected to the serial by the hydraulic circuit F. 
# [0034] In addition, Water pump 441 made to circulate through a fluid is formed in the hydraulic circuit 
G at the hydraulic circuit G, and Water pump 442 which makes each hydraulic circuit E and F circulate 
through a fluid is formed in the part with which a hydraulic circuit E and a hydraulic circuit F lap. 
Moreover, a heat exchange fluid circulates to a hydraulic circuit E or a hydraulic circuit F by the three- 
way -type selector valves 47 and 48. Moreover, turning on and off of energization and the change of the 
rotation location of the three-way-type selector valves 47 and 48 to Water pumps 441 and 442 are 
controlled by the above-mentioned electrical control unit 200 (refer to drawing 1 ). 
[0035] With this operation gestalt, when the rotation location of the three-way-type selector valves 47 
and 48 is made into the drawing 5 solid line position when the signal from the cooling change means 
which changes turning on and off of cooling of the vehicle interior of a room is inputted into the above- 
mentioned electrical control unit 200 (refer to drawin g 1 ) and cooling is set to ON, and cooling is set to 
OFF, let the rotation location of the three-way-type selector valves 47 and 48 be a drawin g 5 R>5 
middle-point line position. 

[0036] Here, in a hydrogen storage material 32, when making hydrogen emit, the bleedoff latent heat is 
taken from a perimeter. Therefore, indoor cooling is performed by cooling the heat exchange fluid 
which flows the heat exchange section 312 prepared in the hydrogen storage material 32 interior, and 
making indoor heat exchanger 10 circulate through this fluid. And a hydrogen storage material 32 can be 
cooled immediately after setting cooling to ON and turning on a starting switch by cooling the heat 
exchange fluid which flows the heat exchange section 61 of the condensation evaporator 6, and pouring 
this cooled heat exchange fluid to the 1st heat exchange section 31 1 through a hydraulic circuit G with 
the latent heat of vaporization by evaporation of the water in the condensation evaporator 6. 
[0037] Therefore, the heat exchange fluid which flows the 2nd heat exchange section 312 can be quickly 
cooled with the cold energy and the above-mentioned bleedoff latent heat of a hydrogen storage material 
32, and indoor air can be quickly cooled by the indoor heat exchanger 10 which makes a heat sink cold 
energy of this heat exchange fluid. Moreover, water can be continuously evaporated to fitness by using 
the above-mentioned latent heat of vaporization as mentioned above. 

[0038] Moreover, when water condenses in the condensation evaporator 6, condensation of ** water can 
be continued good through the heat exchange fluid which flows a hydraulic circuit G by emitting the 
heat of condensation to a hydrogen storage material 32. ** It can control that a hydrogen storage 
material 32 is supercooled, and bleedoff of hydrogen can be continued good. And when the judgment 
result of the above-mentioned steps SI -S3 is set to YES, the energization to a pump 441 is stopped. 
[0039] In addition, about the control concerning an adsorber 5 or hydrogen cell 2 grade, since it is the 
same as that of the 1st operation gestalt, the explanation is omitted. 

(Other operation gestalten) Although the fluid was circulated between the heat exchange section 61 of 
the condensation evaporator 6, and ******3l2ofa fuel tank 3, you may make it circulate a fluid with 
the operation gestalt of the above 2nd between the heat exchange section 61 of the condensation 
evaporator 6, and indoor heat exchanger 10. In this case, when the judgment result of the above- 
mentioned step SI is YES (i.e., when desorption is started), it is good to suspend circulation of the fluid 
between the heat exchange section 61 of the condensation evaporator 6 and indoor heat exchanger 10. 
[0040] Moreover, although the electrical control unit 200 which performs the flowing fluid temperature 
Tl, T2, and the judgment of the above-mentioned steps SI -S3 for the inlet port of the heat exchange 
section 5 1 of an adsorber 5 and an outlet was made into the detection means as used in the field of claim 
6 with this operation gestalt, it is not limit to this and other various detection means may detect the 
adsorption of water and desorption in an adsorber 5. 

[0041] Moreover, it is not limited to this, when the judgment result of the above-mentioned steps SI -S3 
was YES, control 2 was performed, but it is other various approaches, and control 2 may be performed 



after detecting that the desorption of the adsorbent 52 of an adsorber 5 was completed. 
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TECHNICAL FIELD 

[Field of the Invention] This invention relates to the fuel cell system equipped with the fuel cell which a 
fuel and an oxidizer are made to react and is generated. 
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PRIOR ART 



[Description of the Prior Art] Usually, since a fuel cell is low temperature just behind generation-of- 
electrical-energy initiation of a fuel cell in a fuel cell system at room temperature extent, the reaction of 
a fuel and an oxidizer does not progress good and sufficient generation efficiency is not acquired. On the 
other hand, if this fuel cell generates heat and temperature rises by continuation of a generation of 
electrical energy of a fuel cell, generation efficiency will improve. Moreover, when the temperature of a 
fuel cell becomes high too much, there is a possibility that components, such as an electrode, may be 
damaged. 

[0003] On the other hand, in JP,7-94202,A, the fuel cell system which prepared the cooling water 
circulator which cools a ftiel cell, and prepared further the electric heater which can heat cooling water 
in the middle of this circuit is proposed. In addition, power is supplied to an electric heater from a fuel 
cell or a dc-battery. According to this, immediately after start-up initiation of a fuel cell, it energizes to 
an electric heater, cooling water is heated, and a fuel cell can be warmed up with this heated cooling 
water. 
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TECHNICAL PROBLEM 



[Problem(s) to be Solved by the Invention] By the way, with the above-mentioned conventional 
technique, even if it supplied power to the electric heater from the fuel cell and supplied power to the 
electric heater from the dc-battery, there was a problem that power was needed for an excess by the 
power supplied to a power heater. This invention was not made in view of the above-mentioned 
problem, and aims at performing warming up of a fuel cell, without using an electric heater. 
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MEANS 



[Means for Solving the Problem] In order to attain the above-mentioned object, when an adsorbent (52) 
adsorbs an adsorbent object, it is characterized by heating a fuel cell (2) paying attention to emitting the 
heat of adsorption by this adsorption with the heat of adsorption in the adsorber (5) which equipped 
claim 1 thru/or 6 with many adsorbents (52) immediately after generation-of-electrical-energy initiation 
of a fuel cell (2) by invention of a publication. 

[0006] According to such a configuration, without using an electric heater, the heat of adsorption by the 
above-mentioned adsorption can be used, and warming up of the fuel cell (2) immediately after 
generation-of-electrical-energy initiation of a fuel cell (2) can be performed. Therefore, only the part 
which does not use an electric heater can plan power saving, and can use the power of a fuel cell (2) 
effective in the original object. Moreover, in invention according to claim 2, in the generation-of- 
electrical-energy steady state of a fuel cell (2), an adsorber (5) is heated and desorption of the adsorbent 
object is carried out from the adsorbent (52) of an adsorber (5) from the heat which a fuel cell (2) 
generates. Here, in order to warm up a fuel cell (2) immediately after next generation-of-electrical- 
energy initiation, it is necessary to carry out desorption of the adsorbent object from an adsorbent (52) 
but, and since this desorption can be performed using the heat which a fuel cell (2) generates, the power 
activity at this time can be made small. 

[0007] Moreover, it can prevent that this fuel cell (2) serves as an elevated temperature unusually, and 
breakage on a fuel cell (2) can be controlled because a fuel cell (2) emits the heat which self generates to 
an adsorber (5). Moreover, since the free passage section (55) of an adsorber (5) and a condensation 
evaporator (6) is closed with a closing motion means (43) after carrying out desorption of the adsorbent 
object from an adsorbent (52), the desorption condition of the adsorbent (52) of an adsorber (5) is 
maintainable in invention according to claim 3, as it is till next generation-of-electrical-energy initiation. 
For this reason, at the time of next generation-of-electrical-energy initiation, by open Lycium chinense, 
an adsorbent object [ in / for the free passage section (55) / an adsorber (5) ] can be adsorbed good, and 
rapid warming up of a fuel cell (2) can be performed good. 

[0008] Moreover, in invention according to claim 4, when desorption of the adsorbent object is carried 
out from an adsorbent (52), it is using the heat of a fuel cell (2) for heating of an adsorber (5), this fuel 
cell (2) is cooled, and after carrying out desorption of the adsorbent object, the fuel cell (2) is cooled by 
the condensator (8). Consequently, even after carrying out desorption of the adsorbent object, it can 
prevent that a fuel cell (2) serves as an elevated temperature unusually, and breakage on a fuel cell (2) 
can be controlled. 
[0009] 

[Embodiment of the Invention] Hereafter, the operation gestalt which shows this invention in drawing is 
explained. 

(1st operation gestalt) Drawing 1 shows the fuel cell powered vehicle which uses the fuel cell system 1 
of this invention as a power source. The fuel cell system 1 is equipped with the fuel cell 2 which a fuel 
(hydrogen) and an oxidizer (oxygen in air) are made to react, and is generated, the fuel tank 3 in which a 
fuel is stored, the fuel pump 4 which sends the hydrogen in a fuel tank 3 to a fuel cell 2, the adsorber 5 



for rapid warming up of a fuel cell 2, and the condensation evaporator 6 which is open for free passage 
to an adsorber 5. These are all prepared in the under floor (vehicle outdoor) of an automobile. And the 
power from a fuel cell 2 is supplied to the motor 7 for car actuation through the inverter and converter 
which are not illustrated. 

[0010] A fuel cell 2 consists of what carried out the laminating of the fluting connector 21 made from 
* carbon, the positive electrode (cathode) 22 which consists of porous carbon which added the platinum 
catalyst, electric-field **** 23 which consists of a kneading object of silicon carbide and carbon fluoride 
which sank in phosphoric acid, and the negative electrode (anode) 24 which consists of porous carbon 
which added the platinum catalyst to this order, as shown in drawing 2 . Many slots 21 1 are formed by 
the field which counters a positive electrode 22 among the fluting connectors 21 at the space 
perpendicular direction in drawing 2 , and many slots 212 are formed in the field which counters a 
negative electrode 24 at the space longitudinal direction in drawin g 2 at it. 

[001 1] And air is supplied to a slot 21 1 from the air pump which is not illustrated, and the hydrogen in a 
fuel tank 3 is supplied to a slot 212 through a fuel pump 4. And the heat exchange section 25 in which a 
heat exchange fluid flows is arranged at the fluting connector 21 of the direction edge of a laminating. A 
fuel tank 3 is the hydrogen storage material 32 five H6 fixed to the interior of a well-closed container 30 
around the heat exchange section 3 1 in which a heat exchange fluid flows, and this heat exchange 
section 31 (fuel storage alloy), for example, LaNi. It comes to hold. A hydrogen storage material 32 
emits hydrogen by carrying out occlusion of the hydrogen, and heating it, or lowering a pressure by 
cooling or raising a pressure. The pressure in a fuel tank 3 is lowered with a fuel pump 4, and hydrogen 
is made to emit from a hydrogen storage material 32 with this operation gestalt. In addition, since 
hydrogen is consumed as a fuel cell 2 is used, occlusion of the hydrogen is periodically carried out to a 
hydrogen storage material 32. 

[0012] An adsorber 5 comes to hold the heat exchange section 51 in which a heat exchange fluid flows, 
and the adsorbent (for example, silica gel) 52 of the shape of a grain of a large number fixed to the 
perimeter of this heat exchange section 51 in the interior of a well-closed container 50. By being cooled, 
an adsorbent 52 adsorbs an adsorbent object (for example, water), and carries out desorption of the 
adsorbent object by being heated. The condensation evaporator 6 comes to hold the heat exchange 
section 61 in which a heat exchange fluid flows, and the water W as an adsorbent object in the interior 
of a well-closed container 60. In addition, the closing motion valve which opens and closes this free 
passage section 55 in the free passage section 55 of the well-closed container 60 of the condensation 
evaporator 6, and the well-closed container 50 of an adsorber 5 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is the rough whole block diagram of the fuel cell powered vehicle concerning the 1st 
operation gestalt of this invention. 

[Drawin g 2] It is the rough perspective view of the fuel cell concerning the 1 st operation gestalt. 
[Drawin g 3] (a) is the inlet temperature Tl of the heat exchange section of an adsorber. And outlet 
temperature T2 The graph which shows the change to time amount t, the graph which shows change of 
as opposed to the time amount t of (T2-T1) in (b), and (c) are graphs which show the change to the time 
amount t of d(T2-Tl)/dt. 

[Drawing 4] It is the flow chart which shows the actuation concerning the 1st operation gestalt. 

[Drawin g 5] It is the rough partial block diagram of the fuel cell powered vehicle concerning the 2nd 

operation gestalt. 

[Description of Notations] 

2 - A ftiel cell, 5 - An adsorber, 52 -- Adsorbent. 
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